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(54) Defect occluder release assembly and method 



(57) A release assembly is provided to aid the re- 
versible and repositionable deployment of a defect oc- 
cluder. The release assembly includes an occluder teth- 
er having a distal portion comprising at least one suture 
loop, and a snare structure having a distal portion com- 
prising a snare element. The at least one suture loop is 
receivable through at least a portion of the defect oc- 
cluder, and reversibly looped over an anchor element 



so as to permit reversible collapse the defect occluder 
for selective ingress and egress from a delivery catheter. 
The snare element is reversibly engageable with the an- 
chor element so as to reversibly retain the at least one 
suture loop upon the anchor element, and thereby hold 
the defect occluder in a posture for reversible free-float- 
ing tethered deployment in a defect while being observ- 
able in a final position prior to release. 
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Description 
TECHNICAL FIELD 

[0001] The present invention generally relates to de- 
vices for occluding septal defects or shunts in the heart 
or the vascular system, and more particularly to a com- 
ponent of an interventional transcatheter delivery sys- 
tem for holding a defect occluder in a posture for revers- 
ible free-floating tethered deployment from a catheter 
for occluding a septal defect or the I ike t and an attendant 
method. 

BACKGROUND OF INVENTION 

[0002] The term "septal defect" generally refers to a 
perforation or other type hole (i.e., a defect) which pass- 
es through a thin wall of muscle or other tissue (i.e., a 
septum) which divides or separates "areas'* within the 
body. Such defects can occur, either congenitally or by 
acquisition, between chambers of the heart (i.e., atrium 
or ventricle) or the great vessels (interatrial and inter- 
ventricular septal defects or patent ductus arteriosus 
and aortico-pulminatry window respectively) , causing 
shunting of blood through the opening. 
[0003] Atrial septal defects were initially corrected by 
open heart surgery which required the surgeon to open 
the chest of a patient and bypass the heart temporarily 
(e.g., by means of a mechanical heart or a "heart-lung 
machine"). The surgeon would then physically cut into 
the heart and suture small defects closed. In the case 
of larger defects, a patch of a biologically compatible 
material would be sewn onto the septum to cover (i.e., 
"patch") the defect. Balloon catheters, similar to that dis- 
closed by Landymore et al. in U.S. Pat. No. 4,836,204, 
have been used by physicians to temporarily occlude 
septal defects, as a stabilizing measure, prior to imple- 
mentation of corrective open heart surgical techniques. 
[0004] To overcome limitations of surgical closure, a 
variety of interventional transcatheter closure tech- 
niques have been attempted. In such techniques, an oc- 
cluding device is delivered through a catheter to the sep- 
tal defect site. Once the closure device is positioned ad- 
jacent the defect, it must be attached to the rest of the 
septum in a manner which permits it to effectively block 
the passage of blood through the defect. 
[0005] One such early closure device, U.S. Pat. No. 
3,874,388 (King et al.), includes a pair of complex me- 
chanical umbrellas, each having a plurality of arms ex- 
tending radially from a central hub. The hubs of the two 
umbrellas are mechanically connected to one another 
and each umbrella includes a fabric covering over the 
arms, much tike a common umbrella. The ends of each 
arm are provided with barbs which are anchored into the 
septum to hold the occluder in place. The complex um- 
brellas prove rather difficult to unfold after passage 
through a catheter, requiring an array of cables to deploy 
the arms. This makes proper placement of the device 



difficult, and the barbs on the arms prevent retraction or 
repositioning of the device once it is in place. 
[0006] Although much progress has been made in the 
field since the King et al. device, heretofore known de- 

5 feet occluding systems, whether they be of a traditional 
atrial umbrella style (e.g., the ClamShell Septal Umbrel- 
la (ClamShell I, C.R. Bard, Inc.), the CardioSEAL device 
(Nitinol Medical Technologies, Inc.), the Sideris But- 
toned Occluder (Sideris, U.S. Pat. No. 4,91 7,089), or the 

10 ASD Occlusion System (ASDOS, Dr. Osypka GmbH, 
Grenzach-Wyhlen, Germany), or other emerging plug 
style (e.g., The Monodisk System (Pavenik et al., U.S. 
Pat. 5,643,317), Angel Wings (Das, U.S. Pat. No. 
5,578,045), the Amplatzer® Septal Occluder, or the 

15 HELEX Septal Occluder (W.L. Gore & Associates, Inc.), 
all suffer from a variety of common shortcomings. 
[0007] These, and other such devices, generally rely 
on the caudal and cranial ends of the device being larger 
than the opening of the defect itself to physically trap 

20 the device across the opening. To accommodate tran- 
scatheter delivery techniques, the resulting device con- 
figurations have become unduly mechanical in nature, 
often including multiple components (e.g., ASDOS) and/ 
or requiring the sequential delivery of device compo- 

25 nents, as well as the use of loading jigs (e.g., ASDOS, 
CardioSEAL) to prepare the device for insertion. Fur- 
thermore, many of these devices require assembly 
across the defect post delivery (e.g., ASDOS), thereby 
increasing the complexity of the transcatheter equip- 

30 ment, and delivery process, as for instance, by requiring 
two separate catheter entry points (e.g., ASDOS). 
[0008] Further still, and of primary importance, here- 
tofore known defect occluders do not optimally conform 
to the size (i.e., contour, dimensions and/or geometry) 

35 of the septal defect. Such devices therefore require 
great care in placement to ensure that the closure mem- 
bers entirely cover the defect. Because previously 
known devices typically use expanding frames to sup- 
port the closure members that can straddle.the opening 

40 of the defect, or otherwise become caught, complica- 
tions may arise during implantation of such devices. 
[0009] Generally, a great deal of remote manipulation 
and repositioning is required for proper device deploy- 
ment because heretofore known defect occluder sys- 

45 terns hold or retain the occluder in such a way that the 
device cannot be observed in its final, fully expanded 
position within the defect until the device is completely 
released. Extensive remote manipulation, such as by 
applying tension to one or more cables in orderto deploy 

so the arms of an umbrella, for instance, or to anchor the 
device in place, not only increases the difficulty of the 
procedure, but tends to increase the likelihood that the 
device will be improperly deployed, or suffer material fa- 
tigue leading to device strut fracture, a fundamental and 

55 well documented problem of the aforementioned um- 
brella type devices. Further still, the likelihood of retriev- 
al of such devices post deployment is great, and in some 
cases retrieval is required so as to effectively occlude 
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the defect and minimize the risk of embolization. 
[001 0] Occluder systems generally have either a sin- 
gle "hard point" connection (i.e., the occluder is held for 
deployment by a substantially rigid "hard point" connec- 
tion until final release thereof within a defect), or a dual 5 
point connection, namely a hard point connection in 
combination with a "soft" secondary release mechanism 
(e.g., a release cord or suture used to provide emergen- 
cy retrieval post hard point release). With the single hard 
point connection, a cyclical flexing of the occluder is pos- 
sible therewith, however, once the hard point is disen- 
gaged from the occluder, further adjustment and retriev- 
al is no longer possible. 

[001 1] For example, the Amplatzer® and ASDOS sin- 
gle hard point systems push the occluder from the cath- 
eter into the defect using an externally threaded rod (i. 
e., torquer catheter) that mates with a threaded nut, or 
the like, integral to the occluder, with release of the de- 
vice thereafter once the occluder is adequately seated 
in the defect. A major shortcoming of this method is that 
the position of the catheter tip in the heart in relation to 
the fully deployed occluder usually pulls the occluder in- 
to an unintended, and unnatural position. This distorts 
the septum of the heart, and the physician must trust 
that upon release of the occluder from the delivery sys- 
tem, the septum will return to a natural position and the 
occluder will adequately seal the defect. The single hard 
point connection does not permit the physician to ob- 
serve the occluder as it would sit naturally in the heart 
until it is released. 

[0012] The dual point connection, which specifically 
addressed the shortcomings of the single hard point 
connection, provides a mechanism by which the occlud- 
er may be emergently retrieved in the case of mis-de- 
ployment after hard point release. The dual point Cardi- 
oSEAL and HELEX systems permit the physician to bet- 
ter observe the occluder in a more "natural" condition or 
state, having previously disengaged the occluder from 
the single hard point connection, thereby effectively 
minimizing potential cardiac distortion. However, due to 
the nature of the soft point connection, no effective re- 
positioning may be effectuated once the hard point con- 
nection has been disengaged without fear of damaging 
the occluder and thereby causing malfunction: only re- 
trieval is possible should mis-deployment of the occlud- 
er be suspected. A further disadvantage to this method 
of occluder attachment is that occluder redeployment is 
not possible: having disengaged the hard point "control" 
connection, redeployment, in addition to repositioning, 
is no longer possible, with occluder retrieval via the soft 
point connection typically destroying the device. The 
soft point attachment is generally released by cutting the 
suture or cord at the rear of the delivery system, and 
drawing the full length of the suture from the occluder 
and through the entire delivery system-a procedure 
which effectively opens a fluid pathway from the rear of 
the delivery system into the area of the defect, especially 
of concern when occluding an atrial or ventricle defect, 



thereby creating attendant risks with such release ar- 
rangement and procedure. 

[0013] It is, therefore, advantageous to provide a de- 
fect occluder system capable of reversibly retaining an 
occluder so as to be observable in its final position prior 
to release. More particularly, it is highly desirable to pro- 
vide a delivery system release assembly which allows 
the device to free float in the defect, while maintaining 
the ability to reposition and or retrieve it, at any time prior 
to final release, without implicating occluder integrity. 
Further still, it is desirable to provide in a defect occluder 
delivery system a soft occluder release accomplished 
with reduced attendant patient risk, such as the elimina- 
tion of problems associated with opening the fluid path- 
way from the rear of the delivery system into the heart. 

SUMMARY OF THE INVENTION 

[0014] A release assembly is provided to aid the re- 
versible and repositionable deployment of a defect oc- 
cluder. The release assembly includes an occluder teth- 
er having a distal portion comprising at least one suture 
loop, and a snare structure having a distal portion com- 
prising a snare element. The at least one suture loop is 
receivable through at least a portion of the defect oc- 
cluder, and reversibly looped over an anchor element 
so as to permit reversible collapse the defect occluder 
forselective ingress and egress from a delivery catheter. 
The snare element is reversibly engageable with the an- 
chor element so as to reversibly retain the at least one 
suture loop upon the anchor element, and thereby hold 
the defect occluder in a posture for reversible free-float- 
ing tethered deployment in a defect while being observ- 
able in a final position prior to release. 
[0015] More specific features and advantages ob- 
tained in view of those features will become apparent 
with reference to the drawing figures and DETAILED 
DESCRIPTION OF THE INVENTION. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

FIG. 1 is a side elevational view of a deployed septal 
defect occluder tethered to the release assembly of 
the present invention, shown in a sectional side 
view, with parts broken away to show underlying de- 
tail; and, 

FIG. 2 is a detailed view of area shown in FIG. 1, 
illustrating the pin wire and snare structure of the 
present invention, particularly showing retention of 
suture loops on the pin wire, and the occluder there- 
by, by a snare loop. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] Release assemblies are generally considered 
to be a component of an occluder delivery system, such 
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systems being typically characterized as including a de- 
livery catheter for containing or housing an occluder pre- 
deployment, and a "pusher tube," having at least one 
lumen for receiving an occluder control mechanism, for 
moving the occluderthrough the delivery catheterto the 5 
septal defect. These, as well as other occluder delivery 
systems are described in the literature, and are well 
know to those of skill in the art. 
[001 8] Referring to FIG. 1 , a septal defect closure de- 
vice 8 is shown in a reversible free-floating tethered de- 
ployment relative a septum S (e.g., an atrial septum) so 
as to effectively conform and block a defect, thereby pre- 
venting the flow of blood through the atrial septum to the 
adjoining chambers. The septal defect closure device 
need not be of the style shown, or any particular or pre- 
ferred style, as all are readily deployable, or at a mini- 
mum easily adapted for deployment by those of skill in 
the art, using the release assembly of the subject inven- 
tion. The release assembly 10 of the present invention 
generally includes an occluder tether 12, an anchor el- 
ement 1 4, and a snare structure 1 6, each of which being 
receivable in the lumens 18 of a multi-lumen pushing 
tube 20 which is disposed within a delivery catheter 22. 
A discussion of these elements, their components, and 
the interrelationships therebetween follows. 
[0019] Referring now to FIGS. 1 and 2, the occluder 
tether 12, reversibly extendible from a distal end of a 
first lumen, generally has proximal 24 and distal 26 por- 
tions, the distal portion 26 (i.e., component nearest the 
occluder 8) comprising at least one suture loop 28 re- 
ceivable through at least a portion of the occluder 8. The 
at least one suture loop 28 is reversibly looped over the 
anchor element 14 so as to permit reversible collapse 
of the occluder 8 for selective ingress and egress from 
the delivery catheter 22. The snare structure 1 6, which 
is extendible from a distal end of a second lumen, has 
a distal portion comprising a snare element 32. The 
snare element 32 is received by, or otherwise coopera- 
tively engaged with/to, the anchor element 14, which 
may be disposed within its own lumen (i.e., third lumen, 
not shown), or within the second lumen, as shown in 
FIG. 1 , so as to reversibly retain (e.g., by obstructing) 
the at least one suture loop 28 upon the anchor element 
14. In this way the snare element 32 effectively "holds" 
the defect occluder 8 in a posture for reversible free- 
floating tethered deployment in a defect while being ob- 
servable in a final position prior to release. 
[0020] In the embodiment illustrated, the occluder 
tether 12 is shown having two suture loops 28, the 
number of suture loops being dictated by application 
specific variables (e.g., nature of the defect, style of se- 
lected occluder, etc.). Generally, the at least one suture 
loop 28 is receivable through, or otherwise arranged to 
cooperate with, portions of the occluder 8 for manipula- 
tion during deployment. In FIG. 1 , the dual suture loops 
28 are shown received in (i.e. threaded through) eyelets 
9 of an occluder 8. The "free" ends 24 of the dual loops 
28 (i.e., loop crotches) are reversibly received about the 



anchor element 14 to controlingly hold the occluder 8. 
[0021] The occluder tether 12 may be of unitary or 
composite construction or composition. The proximal 
portion 24 of the occluder tether 12 may be constructed 
of nitinol, or of any type of metal or plastic that demon- 
strates good flexibility and kink resistance, whereas the 
distal portion 26, more particularly the suture loops 28 
themselves, may be constructed of stranded nitinol, 
stranded polyester, straight nitinol, spring temper stain- 
less steel, braided silk, braided polyester, braided nylon, 
or polyester or nylon monofilament, or any other mate- 
rial that demonstrates good kink resistance, flexibility, 
and low stretch. Although the tether portions 24 and 26 
may be discrete elements, joined as will be later dis- 
cussed with respect to the snare structure 16, it is only 
necessary that the suture loops 28 extend from the prox- 
imal portion 24 of the tether 1 2 such that the tether struc- 
ture 1 2 possesses sufficient tensile strength for occluder 
manipulation and retrieval. 

[0022] The snare structure 1 6, like the occluder tether 
12, has proximal 34 and distal 36 portions, and may be 
of unitary or composite construction or composition. The 
proximal portion 34 may be made of nitinol, or of any 
type of material that demonstrates good flexibility and 
kink resistance. As shown in the figures, the snare ele- 
ment 32 is preferably a loop, although functional equiv- 
alents and alternatives to the snare loop are contem- 
plated, and include, but are not limited to, balls, disks, 
or other structures that retain the suture loops 28 on the 
anchor element 14 (i.e., keep the suture loops 28 from 
inadvertent or unintended release) prior to selective re- 
lease of the occluder. In the form of a loop, the snare 
element 32 may be made of stranded nitinol, straight 
nitinol, braided polyester, braided nylon, braided silk, 
polyester or nylon monofilament, or any other material 
that demonstrates good kink resistance and flexibility. 
[0023] With particular reference to FIG. 2, the snare 
structure portions 34 and 36 are indicated as being unit- 
ed discrete elements. The snare loop 32 has an end 
thereof received in/at an end of the proximal portion 34 
of the snare structure 16 (i.e., the distal end surface 
thereof), the interface of the proximal 34 and distal 36 
portions of the snare structure 16 being characterized 
by a crimp 38 which secures the portions 34 and 36 to 
each other, and thereby forms a unitary snare structure 
16. Other known methods of joining the snare structure 
portions 34 and 36 are contemplated, in addition to an 
integral fabrication of the snare structure 16 (e.g., uni- 
tary construction). 

[0024] In the form of a ball, the snare element 32 is 
preferably welded on the end of the proximal portion 34 
of the snare structure 1 6, and is constructed of identical, 
or at least compatible, construction materials. In the 
form of a disk, the snare element 32 is preferably weld- 
ed, crimped or otherwise affixed onto the end of the 
proximal portion 34 of the snare structure 1 6, but may 
be attached by any method that provides sufficient ten- 
sile strength for retaining the suture loops 28 upon the 
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anchor element 1 4. The material of the disk may be any 
material that has structural rigidity and is readily affixa- 
ble to the material of the proximal portion 34 of the snare 
structure 16. 

[0025] The anchor element 1 4 is preferably a pin wire. 
The pin wire may be made of nitinol, or of any type of 
metal or plastic that demonstrates a combination of 
good flexibility to avoid excessive stiffening of the cath- 
eter, and structural strength to prevent premature suture 
loop release caused by wire buckling. The pin wire 14 
receives the suture loops 28 and the snare element 32 
so as to anchor the occluder during deployment, place- 
ment, and adjustment procedures. 
[0026] The preferred configuration of the release as- 
sembly 10 is to pass the occluder tether 12 through one 
lumen 1 8 of a double tumen pusher tube 20, and pass 
both the snare structure 16 and the anchor element 14 
through the other lumen of the same pusher tube 20. 
The double lumen tubing 20 is sized such that it fits in- 
side the lumen of the outer catheter 22 of the delivery 
system. The suture loops 28 are passed through the 
eyelets 9, or equivalent tether receiving structure(s), of 
the occluder 8, and the loop ends 29 are hooked over 
the free end of the pin wire 1 4. The loop 32 of the snare 
structure 16 is then hooked over the pin wire 14, distal 
to the suture loops 28, with the pin wire 1 4 advanceable 
in relation to the snare loop 32 in order to prevent the 
snare loop 32 from sliding off the pin wire 1 4. To release 
the suture loops 28, the pin wire 14 is retracted in rela- 
tion to the snare loop 32, thereby liberating the suture 
loops 28 from the pin wire 14. Thereafter, retraction of 
the occluder tether 12, in relation to the occluder 8, 
draws the suture loops 28 out of the eyelets 9 of the 
occluder 8, thereby releasing the device. 
[0027] As to the preferred characteristics of the re- 
lease assembly components, the proximal portion of the 
tether is approximately 0.029" diameter nitinol wire of 
approximately 47.25" (1 20 centimeters) in length. A hole 
or crater is present in the end (i.e. , the distal end surface 
of the proximal tether portion) that is about 0.100" deep 
and approximately 0.017" in diameter. This hole re- 
ceives the ends of the two suture loops that are crimped 
into place, the suture loops being constructed of strand- 
ed nitinol wire with a diameter of approximately 0.006". 
The suture loops are of a length sufficients be threaded 
through the eyelets of an occluder so that the device is 
allowed to rest in a fully deployed position while the su- 
ture loops remain substantially slack (i.e., permit free- 
floating deployment of the occluder into the defect). 
[0028] The proximal portion of the snare structure is 
a nitinol wire having a diameter of about 0.029" and a 
length of approximately 47.25". Like the tether construc- 
tion, the distal end surface of the proximal portion of the 
snare structure has a hole or dimple dimensioned to be 
about 0.100" deep and approximately 0.017" in diame- 
ter. This hole receives the end of the snare loop, which 
is ultimately crimped into place. The snare loop is made 
of nitinol stranded wire having a diameter of approxi- 



mately 0.006". The length of stranded wire is approxi- 
mately 0.400", which when crimped provides a loop of 
approximately 0.100" in length. 
[0029] The pin wire preferably is a nitinol wire having 
5 a diameter of approximately 0.017" and a length of ap- 
proximately 47.25". 

[0030] While a preferred embodiment of the present 
invention has been described, it should be understood 
that various changes, adaptations and modifications 

10 may be made therein without departing from the spirit 
of the invention. Changes may be made in details, par- 
ticularly in matters of shape, size, material, and arrange- 
ment of parts without exceeding the scope of the inven- 
tion. Accordingly, the scope of the invention is as defined 

'5 in the language of the appended claims. 

Claims 

20 1. A release assembly to aid the repositionable and 
reversible deployment of a defect occluder, said re- 
lease assembly comprising: 

a. an occluder tether having a distal portion 
25 comprising at least one suture loop, said at 

least one suture loop being receivable through 
portions of the defect occluder and reversibly 
looped over an anchor element so as to permit 
reversible collapse of the defect occluder for 
30 selective ingress and egress from a catheter; 

and, 

b. a snare structure having a distal portion com- 
prising a snare element, said snare element be- 
ing reversibly engageable with sard anchor el- 

35 ement so as to reversibly retain said at least 

one suture loop upon said anchor element, 
thereby holding the defect occluder in a posture 
for reversible free-floating tethered deployment 
in a defect while being observable in a final po- 

40 sition prior to release thereafter. 

2. The release assembly of claim 1 wherein said snare 
element comprises a loop. 

45 3. The release assembly of claim 1 wherein said snare 
element comprises a ball. 

4. The release assembly of claim 1 wherein said snare 
element comprises a disc. 

50 

5. The release assembly of claim 2 wherein said oc- 
cluder tether is reversibly extendable from a distal 
end of a first lumen of a multi-lumen pushing tube. 

55 6. The release assembly of claim 5 wherein said snare 
structure is reversibly extendable from a distal end 
of a second lumen of the multi-lumen pushing tube. 
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7. The release assembly of claim 6 wherein said an- 
chor element has a distal end extendable from the 
distal end of the second lumen of the multi-lumen 
pushing tube. 

5 

8. The release assembly of claim 6 wherein said an- 
chor element has a distal end extendable from a dis- 
tal end of a third lumen of the multi-lumen pushing 
tube. 

10 

9. The release assembly of claim 7 wherein said an- 
chor element is a pin wire, 

10. The release assembly of claim 9 wherein said pin 
wire is advanceable relative to said snare structure '5 
so as to prevent said single snare loop from sliding 

off said pin wire. 

1 1 . The release assembly of claim 1 0 wherein said pin 
wire is retractable so as to release at least said 20 
snare loop from said pin wire. 

12. The release assembly of claim 10 wherein said 
snare structure is advanceable relative to said pin 
wire so as to release said snare loop from said pin 25 
wire. 

13. The release assembly of claim 12 wherein said oc- 
cluder tether is retractable within the first lumen of 

the multi-lumen pushing tube so as to draw said at 30 
least one suture loop from the defect occluder for 
release of the tethered defect occluder from the re- 
lease assembly. 

1 4. The release assembly of claim 1 3 wherein said sin- 35 
gle snare loop is about 0.100 inches in length. 

15. In a method of occluding a septal defect, the steps 
comprising: 

40 

a. non-rigidly tethering a retrievable defect oc- 
cluder for tethered free floating deployment 
within a septal defect; and, 

b. reversibly deploying said retrievable defect 
occluder from a catheter and into the septal de- 45 
feet such that said retrievable defect occluder 

is selectively repositionable and subsequently 
observed in its final free floating position prior 
to release or retrieval thereof. 
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